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PROBLEM TO BE' SOLVED: To substantially totally 
reflect a light from a III nitride compound 
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is also the textured structure, the sectional 
trapezoidal shape or the pit-like state. 



(71) Applicant: 

(72) Inventor: 



TOVODA GOSEI CO LTD 

SHIBATA NAOKI 
SENDAI TOSHIAKI 
SENDA MASANOBU 
ITO JUN 

WATANABE HIROSHI 
ASAMI SHINIYA 
ASAMI SHIZUYO 



10 




COPYRIGHT: (C)2001,JPO 



(WBttMffff (J P) (12) & f% i$ ^ & ^ (A> 



H0 1L 33/00 
Sl/02 

0HO1L 21/205 



#982001-168387 



(P200I- 168387 A) 
(43)&KB ¥*£13¥6 £22 8(2001.6.22) 



F I 

HO 1L 



33/00 

21/21)5 

31/02 



C 5F041 
5F0 4 5 
A 5F088 



(21) ffl»»^ tt!62000- )9t779< P2000- 19I779) 

(22) HiK B ¥fi£ 1 2*£ 6 3 26 B (2000. 6. 26) 

<3l>ft%«£«4 ftWFIl -276556 

(32) ft jfeB 1^9^298 (1999. 9. 20) 



<7l)ffl«A 0002414© 
ft* 

<72)&IS* g# 

S^1AR5^B^8WB *r*^&£3^*a 1 

3^ift®#B#iWB^*¥«£«ya 1 

<74)^A 100095577 



(54) HMO**] i i ittfe«fe«ft£tt«9M*?- 
(57) [ffft] 

v-SSiS, ITiffifeJKtt, SKIitTy H*l?*>*. 



10 




ft*ft^»teZ«S*S : Fttlife«:Wr-&llljS4ft!|»ft 
f t £ ttife9 ft 'C 2 ft "C -t S # r ^ X * t - K 

i. 

[IS*3S3 ] M2TMB<*A I . G a t . . N < G £ 
1 ) Ci^ttiTiSS^ffil X<*2cc 

& <t r * is*« 3 tc gsao i nmm im&it it 

[Ib*JS5] flnsETite^l n Ga A I N^fltS, 
[Ih*JP6 ) iwiaTlftgttlii A I NXtt InGaN 

[0001] 
[0002] 

[000 3] b^bU^h. ^7T-f7S«dllltRa 



^7 7-0>hiJ61^tc^T^7>^l;^ 0 -t-o/c^), ft 
fcTtti >fr Iftj&ifcfcB i II lte£imjhtt& 

fc. 

[0004] 

^^vi <WT. fMOCVDj i&<U>5) 

Irigftt* 4 0 0 - 5 0 0 X&AX'h Z>tc#>, 1 0 0 0 *C 

E£-c?Tfrn*e« 5? - x > ^6 inttSfM*&<i: 
^«*!9*s*-c-©iaftigE^*&i. Sis ( i oo o 

20 *C> -fit® (4 00-5 0 0 *C) -*«ig ( 1 00 0 *C> 
I*. *CT\ *Wa%&&XteJ&tZCtt>^kht\Z> 

[ o o o 5 ] *mi%t>kt. jbia-e ^><m^mxkr^ 
xTimf&o>%wz&mbxi>z> 0 Bn^^»jfe=£wf 

30 ^ II f tftf^f fc^tt^iSHte ^ -e (O^ra±0C *a»5] 

1 0 0 0 6 ] * fc. fi!i<9jt#£*r fttf. Til^S ^ 7^ A 

Cm <Dmist\hm£ic&tLr>xi>&®£0>ffi1;Z:%i? o 

r^^^v-mi$. 3 0-7 5-3 
[ 0 0 0 7 ] C <D X *) ^TtfiS C i IC & 0 m 

^o ttf * c £ cc J: D ^ r d BStc^^ jf.^SSM#4n 



mimkx* *>c±\tt>tj:>) *<D&&ttm± c . 

[0008] *«*W*6a±ia*fif8jg*wr-5T» 
EttrH'TTc? *><CfrW«r«fcT £fc<LC 6. TfeMWI 
* It tB-r CC £ o fc. TAWS (* 1 1 f bto& f t&ta*£ 
»t-JBrtanx^>&fc«>. 360nm«±<DjS**W^ 
ZHt&MZVZ, fcfr^K, T*lfe8£A I N (Jlft 
& : 2. 12) T-mfcU*<D±<Dlim&lW%&\t&% 

T?*J-v-m&. KB&XMX. h (ftp* 

£• 

[0009] 

fcT^<fr3ftfck<?>T?*o 1 -ecD^ii^iiDr-fe 

*SftttSffc^«5#i8i(*Jii. fwiS&K<bii?saiiifc£ 
*>*^v*>iS(*ft* i 8X1*2 fICU:<D£B<5D£ffc 

[ o o i o ] c oj: 1 tcfttiiz ftfc iiifc*f Hiwfcffcs 
Kn»««. «o<i*tr»F« 

1*. ei/<i*tr* H*c?)«ffiii:«0'Cttiir8iSitteS 
c©^w^Rsi8tcj:ni3;iiitegfkei^fks 



C3) 2 0 0 1 - ! 6 6 3 3 7 

4 

*»*«*&ttfttt J: < as 5 a hh6 c t 1**3*91* h 

JCJrOR(C«*StiTl*i (Wi 1-2 35450 
^ ttWASSH.^ : 9S03S0. ftffiA£8£^ : rai30 

J:O^^D»ffi«:^&it*^a!tttMffliW(Cj!iDfe 

<t. toonnwKttsn*. -eots*. inKatfctt 
**C4«*^J:t}*0ttaifcWjJ:U sweats* 

[ 6 o 1 1 ] 

7 7^7, S i C (^ffc>'Jr3>) WGaN <SHfc# 
y>A> *G>A*«ttl4. Si (S/ijn»^GaP 
cJXWy^), Ga as (Hfk^M>>A> 

[0012] iiifc£(kA&fk£tt*«ftl3 
30 lllfc»bfe*fk^4Ue*lt. HBKit/TA l« G 
av I Hi ■ k • v N (0<X^1. O^Y^l. 0^ 
X+Y^ I ) r«$n, A 1 K GaN&Vl nNW^ 
t>i^*27c3R. Al, Ga, - , N, A I « In,., 
NSVGa. I a. - E N <6Lhccfeitt;o<x<l > 
0>obt9)^37c^tXA 1 x Ga» I n, - x - v N 
(0<X<1. ()<Y< 1 ) <04ic^ 3 fea^T4. in 
tK5c»^)-SC«:^a> <B) , ^ »J^A (T I ) mv& 
tkLzi>&<. ttc. &m <N) (P) , 

t£(As). 7>f^>(SD>. ^7X(Bi) 

±12 2 Tc^g L < ti 3 7c«©i iiJRS f ktt*f k*tt*« 

*«f*i*e g© k - / h tatr box-h -» r t m % 

nlSTrtftiUX. Si. Ge. Se. Te. C^ffl 
1*&C LifiV*&. pSLT^tetbZ. Mtr, Zn, B 
e. Ca, Sr. BaWIBl^Ctmi, 
pBTWfc* F-^L/cK<cni|HlfUl«ftd«i*« 

so Sfk^fk^tt***;*. !9tIttB.MBAft^<MOC 



5 

VD&) Oftfi*. ®*QO>fi (MBE 
ft). K*Stl*£?£ (HVPE&) . a^?* 

ft. ^>7"u-f/>yi s^t^^cji-j 
xtJiawacttfx**, 

(0013) fclBWtcttfc**-**-- K*u— 
it, XI*, MIS**. PINtt**pn«£*1IUc 

te#-r*C<b^X'** e 

[0014] ±XSH?0/cmJR^ft^fk*toi»^|* 
ccJ:9TttHI>»rtSn*. flifc, AlXGaYInl 
-X-YN (0<X<1. 0<Y<1. 0<X4Y< 

i . it N <0<X< 1 ) X'm%2tl*>E7C?h<D\l£to¥ 

fttt©««ffiX'S£tCOJ5t*^X(r-^ifi*<>dt». C<0 

t£MM - *>OX -7 X % -t ©fti;*¥ffitftS;ffitcM »X 2 
*im*iSx-*>£. CQBffi (£*ccj:*>xi*, G3S(1X*£ 
4) 0£tt*BBttl&i*. WJHHlT. 5-100 
%inci^Ul', ltC«*L<ti3 0- 1 0 0 

<)%Xhht. ®2RV3LCniTJ:5tc t Tfl&S<B*B 

X'5-3 0^Xfc*£, B&ccft'TJc^cce? htti^r 
♦J. ?«^*m^?L^*c^clft«X-*i 0 CCX\ ¥B 

GXE*n*ftKBX'*>*. 

[00 16] C^Jr^cc.^gDCciHJdb^fi^/ciii^b 

(115 0*ctl&> Kfei-x. a?ifo^fi*ttJ: 
[00 17] isetctu-x. r i? a* * ~w&m*\$r> 



WBB 2 0 0 1 - l 6 8 3 8 7 
6 

[0 0 18] 6<6iT«tSi<0iyiJC«lgS*«»«'r4C 
<t#ifr* LI*. TllkB^nit5igfk!fti^fk*«*?9*^ 

*x-KJsr4^«i»i*ftBfif(tfti*{k**ii|si9ftx-«$fiS 
nciTOU'. «geiini*Ka(kttSfk*!te* 

£f*<2^X**>A I , Ga i - . N ct)£x£ 1 ) 
X*> £££ < kto& fk £4«&tt<E>* ^ x-\t& Ik * * 

>. *ft'V7i«!>i», £fk^u:3^A£txg{k*>* 
B<c<ff* Kt*£(k?*>x;fc*, C(7> 

*>*«t»ReoBJ««*ffii uxewDiiifcgiktoJfcfks 
t»*«ftscx-fegafkte*ik*fe^ft^«*^ ( M 
OCVDtt*a/«?>j£S> 7M£ffiX'*£* *gSo>8 
/5tt£<icfKgSft&k<0XWfl'#. 00 n 

m (»1 1 0 0 0 A) *#fe**6©«El* 

UZ>. IP*, (r^x^t-«3S. IKB£ 

xs* 0 

[o 019] mm\tctx*:zmw±mz>ct&vz 

l&mmmt<£fa%%tii % 0<t*A l NXtiGa 

Qmmomz b¥fMz%.2t\*>i><»x&rj.\,,. 
tmwffizmwmztxhMtijx. «bb 5 P7-26 7 

7 9 6^&ttRM«a¥9 - 1 9 9 7 5 9^f»€:$JW 

[oo2o] Rumo&tiLtfflMtmt* * >. mi>* 
y^iL, ^<k^^=3^^A^u<^fk^>>^oi 
isx«2ffiW±^iMi*n6. *X'«>Sfk^^>Mt*u 

/A jT^X^CVD. ftCVD, ^CVD^COCVD 
(Chemical Vapour Deposit i 
Oil), ♦;7^7 % ^7 r X^'^^ > U-fT7' 

<?>(Phy$ical Vapour Deposit 
i o n ) ^*jfc«rfiJfflX'**o S«e©«/5«0. 1 
-5. 0i/mtr*C£j!ii!lt*lA', SWSOR^l 
M^lgA^i. TttiBCDftffl^EliIb^ttiO^nx, 



10 



niwli i ifcS i ( b£ ft*£ft /a i cr>~, r a F^.c 
t<«0. 2-0. 5 uw\Xhh, 

[ot)2i] u±imutcmv\t, mffi*i>-?Ti!kia 

»*tt«fi 1 9 

psi*?? rig <^3>$?^js) is 
1 7 

>< l )rm : G a N 



(-0 ftffl2 0 0 1-168337 

f. 

Sfttt5ift^l3s*!9ttlg<0^'.!Etc$sW3 ft. -teste's 
-5. 

[0022] 

[!«*«] %«ICO««©*tt«(C-3t»TlttflT*. * 
Witt*****- K 1 0?*0, -tOHWteB 1 tCm 
*. 

[002 3] &B0*^*9*li:X0iiD?4>&. 



P - G a N :M f <0.3^m) 



i s G a o . 8 $ N 



(3.5rm) 
(3.5nm) 



ewe 25 

Ttt* 1 5 

&ig i i 

[ 0 0 2 4 ] n 33 * ? ? KV 1 6 \t&Hm 1 7flto«S^ 
^£f£n-Pg£Tii!iEl 5ato8S*«&ii+Jl£*>*> 

Httfttft*. &#Jg 1 7(^^r^p»^t: 

fit. ?7>l>^?uM&0**%&&<Dmt£ 

Z>£ti>X'&*>. &jcM \ 7 <b p32£>7? KSl 8£o> 

#p3S*5 ^ KRi 8*cfct84f 40>?:F*ihT&fca!>r*A 
*. p52* v ? KJ§ 1 8 £&#Jg I 7 »|<D«*->t,j£& 

GaN, InGaNRUIn 
A 1 N£3tM n G a A 1 NT?*>*U;m< . /«'J7Jgl* 
S'Pft^SJrOx*^-** j 7^7<:^C'G a N. I 
nGaN, InAIN, AlGaN^I nGaA I 

(0 02 5] ±Se1SiS<&fc**M*- KU^ct^tCG 

^^^j«ii^tt^^^VT-<7^K^i 130 

S«SSKfcc>t:TMA5VNH 3 ££AorA 1 NK 
^TittSl 5€:M0CVDar'^St*4. C<D<!:*, 



T i N 
A 1 N 



30 



40 



50 



(1.5// m) 
(aS> < 350jim) 

TMA ; 3 On mo I /ft. NH 3 : SSLMOftfrC 

OAmMSI 2 3 KinUcr * * * * 
l/3i-r*C±lCj:») f Ttt/Bl 5©*ffil«a4«Cin 

9 ©fteSrl/M- 1/9 6-r^CitCi:*), TH!lJ§ 1 
[0026] *7W7±<C¥ttfcA lN«JDtMT&ft 

ft*©Ott*H-»**^, t^^X, A 1 

tc^-r^. fji^, «ft«iBr-WA usi^iN«i+i^ 

B-Mmo>fc*t%£LXL*^ % mmfcHftcotiLm 
&v**<uz. torn, gmmfttofcrnfrx*) 

Tpz*v~fi&&mi£tz&$mMf)Wmi$mviX'<h 

[0 02 7] «f45:DCv^^hD>XM' v ^^ 



* 



X WttfrMOCVDtCBbltA. 130 

txctiftirfcttsr-nsi*?? fjsi -en 

^®nitfflttil&fb&M%|*S 17. 18 
(MOCVDfi) (Cftl'ff;i$'?&. ccaftftfttcfciif 

Wxl*h VsnitiVU* (TMG). MJ-*** 
7*5-^i t T M A ) *>M-**jW <TM 

&. 

[0028]%K. Ti/Ni?:^XHirp^?7 
7 FBI 8, fcttE 1 7Wnfiii?7 ■> FJ8 1 6©-& 
*5lttt^*>A* ^l/^KJOIfc^U nSE'** F* 
J§ 

iafcteSS 1 9 

pmtyvYm <m*>9*tm) l8:p-GaN:Mff 



(6) im 2 0 0 1 - 1 6 8 3 3 7 

10 

2 1 MM&-r^*nS2*7v FJS 1 6£&tt3tt* 0 
[0 0 2 9] *«**BiK7* h b 1 fc-tttcgfc 
Thbr. 7 4- h"iv^3 < tcj: ♦). pSLPv? \"M 1 
8<2±<D^SJfM&I#<D7>r hUS/X^lfttbt, -e 
<D»fjO>pE2yv Fill 8£Sffl$tt&. SSSJgic 
r SMSSti-fcpffi!*? 7 FS 1 8<Z>JbtC ( Au-Co 
1 9 -Xtc. fsj&ic ft pSS 
/*vK20, nSft'f? F2 1 
[0030)06 ccft!i(0^^{H(0^7t * - \< 3 0 £ 

t*. t^? w 7fi« i i irmm 1 5 £ ©rate a 1 nm 

(M9) 



10 



IB/* : F-/<> h 



<0.3*f«) 



S^ft^/g : lno.15Gao.95 
'V'/7JS : Ga N 

n32*? ? FB (Jfc^O^FJI) i6:n-GaN: 
R«B 2 5 : T i N 



N 



(3.«5rw) 
5nm) 



TMB 3 5 : 
«SB3 1 : 
li^ 11; 

[0 03 1 ] ±Szfef$,V>&&?J*- K3 0li%OJ:3 

CCJ: t 7SK?a«3 0 0-5 0 0 'erg*** 
&*©7rt>*~^A£-yy hc***^!*/^ 

C<DJ:5ecorAlN«:«fR$1*A:^77-f7fi 
«*MOCVD«fi^-te* hi/. 7>*~7 

TMA : 3 0*uno I /ft, NH* : 3S 
~f?»&£ £#Jg 2 5 W?*<OB©«5«*at*ia 7 

[ 0 0 3 2 ] c <D&mt. kimwv^fcmt*m.v$k 

[003 3] WT\ *<D*«£MinT 

r. 9rFiU^inlfittft«i%(bd«i«a9i»r^JS3ti 

*>*Jl^6JSU:n& 1 ttJll*2SCU:<&&B©Sffc 



<0.3/im) 
A IN < 0.2*1 m) 

A I N (I5«n> 

V-yy 47 <ara) (350/iw> 

1 3 fiFSBTHbSt* A I. Ga. . t N ((^x^l) 

». 

10 STI2THbBU I nGa A I M>>*>tt& % CtZft 
&t?h 1 1 Xtt 1 2 WeSUDfgEf*. 
1 6 pijISTi&^tiliiA iN^lnGa 
40 C£&»i»4-r* 1 1 XW1 2<Cl2ttOfR8f*. 

1 7 niriasigt*i^7T^7«gb<t*s/y 3>^4s 
Hr^^. ct*»fti^& 1 1-1 6a>^m^(cia 

h. at ztm±?z> 1 1-17^ >rn*HC5e$a?>£ 

1 9 migfatV? t ^ 7*Sr-«>D . BSBTWiBttA 
I N^^^O-tco^Sli^^A^ v-miSf^D. PIS 

50 iaacr)igs<*. 



u 



I b 2 ]@ 2 ** ^ p * * + - n&<or itiis ^ t ks m 

[0 3] a3tf^j?^^t-«i60T«!B«r^'r*ffiS 
EM¥£T*>£. 

[04] @4«l«ffl^ttOTJI&JS€:T^*ffiSEM^ 

IB5]B5**tf?l- ttfc>T»S *«?«B S E M¥£ 10 1 8 Vsi* 7 9 KB 

(06 } ®e&c<o&w<n\kQ)mmi\0&jGy<< k* 



C ? ) ttM 2 O O I - 1 6 8 3 8 7 

1? 

10. 3 0 ft&y^*- f 

15 3 5 «Bf ^^* + -J8i6^sr*B (Ttft 

16 n M * 2 » KB 
1 7 



[0 1 ] 



[02] 





iEST AVAILABLE COPY 




im ] 



3EST AVAILABLE COPY 



O) 2 0 0 1-16 8 3 3 7 



[07] 




7 CO h^-^OM* 

Sit!! ^ffl^BfettSC^ttrt 
C72)*W# ©til 



Sift •ffldfiWsK«ttA 

F £ -i* ) 5FQ41 AA03 M<M M40 CA03 CA04 
CA05 CA33 CA34 CA40 CA46 
CA57 CA65 CA85 CASS CB15 
5F045 M04 AA05 AA19 A609 AB14 
AC19 CA10 CA12 CA13 DA55 
EE1? 

5F0SS A807 A617 FAO? FA05 GA02 
CA03 HA09 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to III group nitride system compound semiconductor 

element. 

[0002] 

[Description of the Prior Art] III group nitride system compound semiconductor element is used for 
light emitting devices, such as light emitting diode. In this light emitting device, it is the composition 
of having grown epitaxially the III group nitride system compound semiconductor layer which has 
an element function on the substrate front face made from sapphire, for example. 
[0003] However, in silicon on sapphire and an III group nitride system compound semiconductor 
layer, since a coefficient of thermal expansion differs from a lattice constant, distortion arises 
between silicon on sapphire and an III group nitride system compound semiconductor layer As a 
phenomenon produced for this distortion, a warp occurs in the layered product of silicon on sapphire 
and an III group nitride system compound semiconductor layer. If this warp becomes too much 
large, the crystallinity of a semiconductor will be spoiled or fault will produce from the first that 
there is a possibility that a crack may go into a semiconductor layer also in the alignment adjustment 
at the time of element production. Therefore, in the former, the so-called low-temperature deposit 
was formed between the substrate and the III group nitride system compound semiconductor layer, 
and the above-mentioned distortion was eased 
[0004] 

[Problem(s) to be Solved by the Invention] The growth temperature of the III group nitride system 
compound semiconductor layer when adopting a general organic-metal vapor growth (henceforth the 
"MOCVD" method), and forming an element is 1000 degrees C or more. On the other hand, since it 
is about 400-500 degrees C, when the temperature history from the substrate cleaning performed at 
about 1000 degrees C to an III group nitride system compound semiconductor layer is seen, the 
growth temperature of a low-temperature deposit serves as an elevated-temperature (1000 degrees C) 
-> low-temperature (400-500 degrees C) -> elevated temperature (1000 degrees C), and being not 
only difficult but thermal efficiency is bad [ temperature / a temperature control ]. Then, although it 
is possible to form a deposit at an elevated temperature, if an III group nitride system compound 
semiconductor (for example, the same A1N layer as a low-temperature deposit) is directly grown up 
at the elevated temperature around 1000 degrees C on a substrate, the problem of a warp will surface 
again. 

[0005] This invention persons have proposed invention of the following composition in Japanese 
Patent Application No. No. (990438 applicant reference number : surrogate reference number-0149 - 
01) 41222 [ 2000 to ], as a result of coming examination in piles that the problem of the above- 
mentioned warp should be solved. Namely, III group nitride system compound semiconductor 
element to which the area rate in which it has the ground layer which can be formed on the front 
face, the inclination is formed in the front face of this ground layer, and this inclined plane occupies 
the III group nitride system compound semiconductor layer which has an element function in the 
front face of the aforementioned ground layer is characterized by what is been 5 - 100% on flat- 
surface plane of projection. 

[0006] Moreover, if other views are carried out, it is desirable to make a ground layer into texture 



structure. When cross sections with arbitrary texture structure are seen here, a ground layer front face 
points out to it the structure which the valley and the mountain have repeated through the saw 
toothed, i.e., an inclined plane. This Yamabe contains in both cases of standing in a row the case of 
the independent multiple drill type (a cone is also included), and in the shape of a mountain range. 
Moreover, in this specification, a cross-section trapezoidal shape points out that whose flat field in 
the Yamabe summit increased, and that whose flat field increased further is called shape of a pit. On 
flat-surface plane of projection, the rate for which a slant- face field accounts on these specifications 
calls texture structure and 30 - 70% cross-section trapezoidal shape, and calls 5 - 30% shape of a nit 
for 70 -100%. ' 
[0007] Distortion between substrates including the III group nitride system compound 
semiconductor layer and the ground layer is eased by using such a ground layer. This is considered 
to be because for an inclined plane and parallel concerned to be joined, it to distribute, for the stress 
concerning a hetero interface to have and for stress to be eased when an inclined plane exists in a 
hetero interface. Thus, relief of distortion reduces the problem of a warp. Consequently, the 
crystallinity of prevent [ it / that a crack goes into an III group nitride system compound 
semiconductor layer / beforehand ] improves from the first, and it further becomes easy to take the 
alignment at the time of element production. 

[0008] When invention-in-this-application persons came examination in piles further about the 
ground layer which has the above-mentioned surface structure, they came to find out the following 
technical problem. Since the ground layer is formed by the III group nitride system compound 
semiconductor, it makes the light which has the wavelength of 360nm or more penetrate. When a 
ground layer is formed by A IN (refractive index : 2.12) and the III group nitride system compound 
semiconductor layer on it is incidentally formed by GaN (refractive index : 2.60), in order to cany 
out total reflection of the light from the GaN side in a ground layer, you have to make the incident 
angle of the light to a ground layer into about 22 or less degrees. Although it can say that reflective 
efficiency is comparatively high since the incident angle of the light to the front face becomes small 
if it is in the ground layer which has texture structure etc. here, in the ground layer surface whole 
region, total reflection cannot be acquired certainly. Namely, this invention aims at carrying out total 
reflection of the light from an III group nitride system compound semiconductor substantially in the 
ground layer which has the shape of surface type of the shape of texture structure, a cross-section 
trapezoidal shape, or a pit. 
[0009] 

[Means for Solving the Problem] This invention is made that the above-mentioned technical problem 
should be solved, and the composition is as follows. A substrate and the III group nitride system 
compound semiconductor layer which has a light-emitting-device function or a photo-detector 
function, A ground [ in which are the ground layer formed between the aforementioned substrate and 
the aforementioned III group nitride system compound semiconductor layer, and this ground layer is 
formed by the III group nitride system compound semiconductor, and the front face has the shape of 
texture structure, a cross-section trapezoidal shape, or a pit ] layer, The reflecting layer in which it is 
the reflecting layer formed in the front face of this ground layer, and becomes from the nitride of one 
sort or two sorts or more of metals chosen from titanium, a zirconium, a hafnium, and a tantalum, 
and the shape of the surface type reflects the shape of surface type of the aforementioned ground 
layer, ******** g roup nitride system compound semiconductor element 
[0010] Thus, according to the constituted III group nitride system compound semiconductor element, 
the reflecting layer which consists of a predetermined metal nitride is formed in the front face of the 
ground layer which has the shape of texture structure, a cross-section trapezoidal shape, or a pit. 
Since this reflecting layer is reflecting the shape of surface type of a ground layer, the shape of 
surface type of a reflecting layer also turns into the shape of texture structure, a cross-section 
trapezoidal shape, or a pit. The reflecting layer which consists of a metal nitride has the so-called 
min or plane of a metal color. Furthermore, to the front face of the shape of texture structure, a cross- 
section trapezoidal shape, or a pit, the incident angle of the light from an III group nitride system 
compound semiconductor layer can be made smaller. Therefore, according to the reflecting layer of 
this invention, the total reflection of the light which carries out incidence from an III group nitride 
system compound semiconductor layer side can be carried out substantially. When the nitride of one 



sort or two sorts or more of metals chosen from titanium, a zirconium, a hafnium, and a tantalum as a 
predetermined metal nitr.de is adopted, it is already proposed by this invention persons that an III 
group nitr.de system compound semiconductor is grown up with sufficient crvstallinity on it (refer to 
[ Japanese Patent Application No. No. 235450 / 1 1 to /, applicant reference number980380 and 1 
surrogate reference number-01 1301). When growing up an III group nitride svstem compound 
semiconductor on the reflecting layer which consists of this metal nitride, distortion between 
substrates including the 111 group nitride system compound semiconductor layer, the reflectirio layer 
and the ground layer is eased by making the front face into the shape of texture structure a cross- ' 
section trapezoidal shape, or a pit. This is considered to be because for an inclined plane and parallel 
concerned to be joined, it to distribute, for the stress concerning a hetero interface to have and for 
stress to be eased when an inclined plane exists in a hetero interface. Thus, relief of distortion 
reduces the problem of a warp. Consequently, the crystallinity of prevent [ it / that a crack goes into 
an III group nitride system compound semiconductor layer / beforehand ] improves from the first 
[00 U] be ° 0meS e3Sy t0 take the al '8 miient at the time of element production. 

[The mode of implementation of invention] Hereafter, each element of this invention is explained in 
detail. 

Although it will not be limited especially if a substrate substrate can form on it the ground layer 
which consists of an III group nitride system compound semiconductor, cubic material such as 
hexagonal material, such as sapphire, and SiC (carbonization silicon), GaN (gallium nitride) Si 
(silicon), and GaP (Lynn-ized gallium), GaAs (gallium arsenide), can be used. 
[0012] An III group nitride system compound semiconductor layer III group nitride system 
compound semiconductor It is expressed with AlXGaYIn 1 -X-YN (0<=X<= 1 , 0<=Y<= 1 0 
a n^JtT^ aS 3 general formula - The so-called 3 yuan system of the so-called 2 yuan system of 
A1N, GaN, and InN, AlxGal-xN, AlxInl-xN, and GaxInl-xN (it sets above and is 0< x<l) and the 4 
yuan system of AlXGaYIn 1 -X-YN (0< X<1, 0< Y<1) are included. Boron (B), a thallium (Tl) etc 
may replace some III group elements, and some nitrogen (N) can be replaced by Lynn (P) the' 
arsenic (As), antimony (Sb), the bismuth (Bi), etc. As for the element functional division of a light 
emitting device or a photo detector, it is desirable to constitute from an above-mentioned 2 yuan 
system or an III group nitride system compound semiconductor of a 3 yuan system An III group 
nitride system compound semiconductor may contain arbitrary dopants. Si germanium Se Te C 
etc. can be used as an n type impurity. As a p type impurity, Mg, Zn, Be, calcium, Sr, Ba, etc. c'an'be 
used. In addition, after doping p type impurity, in order to form an III group nitride system 
compound semiconductor into low resistance further, the thing to call at electron beam irradiation 
plasma irradiation, or a furnace and to heat is also possible. An III group nitride system compound 
semiconductor can be formed by the molecular-beam crystal-growth method (the MBE method) of 
common knowledge besides an organic-metal vapor growth (the MOCVD method) the halide 
system vapor growth (the HVPE method), the spatter, the ion plating method, the cascade-shower 
method, etc. 

[0013] Light emitting diode and a laser diode are mentioned to a light emitting device and light- 
receiving diode, a solar battery, etc. are mentioned to a photo detector. In addition, as composition of 
a light emitting device or a photo detector, the thing of terrorism structure can be used to a thing with 
MIS junction, PIN junction, or pn junction, gay structure and hetero structure, or double Quantum 
well structure (single quantum well structure or multiplex quantum well structure) is also 
employable as a luminous layer. 

[0014] A ground layer is also formed of the III group nitride system compound semiconductor 
explained in the top. That is, the compound semiconductor of a 4 yuan system expressed by 
AlXGaYInl-X-YN (0< X<1, 0< Y<1, 0<X+Y<1), the compound semiconductor of the ternary 
system expressed by AlXGal-XN (0< X<1), and A1N, GaN and InN are contained. Especially on 
silicon on sapphire, A1N is used suitably. 

[0015] The slant face is formed in the front face of a ground layer. At this time, the structure of the 
basis winch makes a slant face is included, when Yamabe and the trough are connected by turns in 
the shape of a mountain range in the band-like inclined plane, the case of the aggregate of multiple 
drills, such as a triangular pyramid and a square drill, and. This slant face is formed all over the 



ground layer, each slant face is fine and the width of face is less than 2 micrometers in flat-surface 
plane of projection. As for the area rate for which this slant face (it is a crevice depending on a view) 
accounts, considering as 5 - 100% is desirable on flat-surface plane of projection. Furthermore, it is 
30 - 100% preferably, and is 70 - 100% further still more preferably. As it indicates drawing 2 and 3 
that the area rate for which this slant face accounts is 70 - 100% on flat-surface plane of projection, 
the front face of a ground layer serves as texture structure, and the cross-section configuration serves 
as Yamagata. 100% of thing serves as structure which repeats a valley and a mountain to a saw- 
toothed. As it indicates drawin g^ that the area rate for which this slant face accounts is 30 - 70% on 
flat-surface plane of projection, as for the front face of a ground layer, the portion of an island and 
the portion of a mountain are intermingled, and the cross-section configuration serves as a trapezoid. 
It is the 'composition that became pit-like as it indicated drawing 5 thafthe area rate for which this 
slant face accounts is 5 - 30% on flat-surface plane of projection, and the hole opened on the flat 
front face. Here, flat-surface plane of projection is plane of projection obtained by carrying out 
parallel projection of the front face of a ground layer to a field parallel to this. 
[0016] Thus, the III group nitride system compound semiconductor layer which equipped the front 
face with irregularity is formed by passing many ammonia rather than the usual growth conditions in 
the III group nitride system compound semiconductor which has the element function formed later, 
and the elevated temperature (about 1 150 degrees C) which is the same temperature substantially. ' 
[0017] In die above, the ground layer with texture structure etc. is formed in up to a substrate by 
adjusting growth conditions at AZUGUROUN. By growing up the ground layer of a flat side and 
processing the flat side by methods, such as etching, it is also possible to make the front face of a 
ground layer into the shape of texture structure, a cross-section trapezoidal shape, and a pit. 
[0018] It is desirable to form a deposit between a substrate and a ground layer. When a ground layer 
consists of an III group nitride system compound semiconductor, it is desirable to form a deposit by 
the III group nitride system compound semiconductor similarly, or to form by the metal nitride 
system compound semiconductor. It is A1N that a deposit shall consist of AIxGal-xN (0<=x<=l) 
also in an III group nitride system compound semiconductor desirable still more preferably. In a 
metal nitride system compound semiconductor, it is desirable to consist of one sort chosen from a 
titanium nitride, a nitriding hafnium, a zirconium nitride, and a tantalum nitride or two sorts or more. 
Furthermore, it is a titanium nitride preferably. At this time, considering as the product made from 
sapphire is desirable still more desirable, and a substrate forms a deposit in the a-th page of silicon 
on sapphire. The formation methods (the MOCVD method, spatter, etc.) of a well-known III group 
nitride system compound semiconductor and a metal nitride system compound semiconductor are 
employable as the formation method of this deposit. Although especially the thickness of a deposit is 
not limited, it is taken as a number - lOOnm (several 10 - 1000A of numbers) of numbers. According 
to examination of this invention persons, it becomes easy to control the inclination of a ground layer 
front face by making a deposit intervene between a substrate and a ground layer (strain relaxation 
layer). That is, the width of face of the conditions for forming the front face (texture structure, a 
cross-section trapezoidal shape, pit structure) of desired structure becomes large, and formation of 
the front face of the structure of the request concerned becomes easy. Thereby, the element which 
has this ground layer can be manufactured with the sufficient yield. 

[0019] A deposit can prepare this more than a bilayer. An III group nitride system compound 
semiconductor and the interlayer who consists of A1N or GaN preferably are formed on the 1st 
deposit formed in contact with a substrate top, the 2nd deposit is formed on this interlayer (it is also 
possible to repeat this), and a ground layer is formed on this 2nd deposit. Even if the 1st deposit and 
2nd deposit are the same composition, they may be different composition. Especially an interlayer's 
thickness is not limited, either. Please refer to JP,7-267796,A and JP,9-199759,A as an example in 
which two or more deposits are formed. 

[0020] One sort of a titanium nitride, a nitriding hafnium, a zirconium nitride, or a tantalum nitride 
or two sorts or more are chosen as the formation material of a . reflecting layer. A titanium nitride is 
desirable especially, although especially the growth method of these metal nitrides is not limited - 
CVD(s) (Chemical Vapour Deposition), such as plasma CVD, Heat CVD, and Light CVD, a spatter, 
a reactive spatter, laser ablation, ion plating, vacuum evaporationo, the efficient consumer response 
method, etc. -- etc. (Physical Vapour Deposition) etc. - a method can be used As for the thickness of 



a reflecting layer, it is desirable to be referred to as 0.1-5.0 micrometers. When the thickness of a 
reflecting layer exceeds a upper limit, the irregularity of the front face of a ground layer is buried and 
there is **** from which the front face of a reflecting layer becomes a flat, and when it docs so, it 
becomes impossible to expect the stress relaxation in the hetero interface of a reflector and an III 
group nitride system compound semiconductor layer. On the other hand, reflecting [ of light ] 
becomes inadequate [ the thickness which is less than a lower limit ]. The still more desirable 
thickness of a reflecting layer is 0.1-1.0 micrometers, and is 0.2-0.5 micrometers further still more 
preferably. 

[0021] In the example explained above, the III group nitride system compound semiconductor layer 
was grown up on the ground layer with an inclined plane, and the reflecting layer, and this III group 
nitride system compound semiconductor layer has been explained supposing the case where it 
considers as an element functional layer as it is. In addition, it is also possible to form the 2nd 
ground layer which has an inclined plane for strain relaxation on the front face further by making 
this III group nitride system compound semiconductor layer into an interlayer (it is also possible to 
repeat this further). The distortion of an III group nitride system compound semiconductor layer 
which has an element function is eased further by this, and the crystallinity improves. Even if this 
interlayer has a front face with the inclined planes (texture structure etc.) where the surface structure 
of a ground layer was reflected, he may have a flat front face. A reflecting layer is formed in the 
ground layer located in the top. 
[0022] 

[Example] Next, the example of this invention is explained. An example is light emitting diode 10 
and shows the composition to drawing 1 . 
[0023] The spec, of each class is as follows. 
Layer : Composition: Dopant (thickness) 

Translucency electrode 19p type clad layer 18 (** contact layer): p-GaN:Mg (0.3 micrometers) 
Luminous layer 17 : Multiplex quantum well structure Quantum well layer : In0.15Ga0.85N (3.5nrn) 
Barrier layer : GaN (3.5nm) 

The number of repeats of a quantum-well layer and a barrier layer: 1-1 On type clad layer 16 (** 

contact layer): n-GaN:Si (4 micrometers) 

Reflecting layer 25 : TiN (0.3 micrometers) 

Ground layer 15 : A1N (1 .5 micrometers) 

Substrate 1 1 : Sapphire (a-th page) (350 micrometers) 

[0024] n type clad layer 16 can be made into the two-layer structure which consists of a low 
concentration-of-electrons n-layer by the side of a luminous layer 17, and a high concentration-of- 
electrons n+ layer by the side of the ground layer 15. The latter is called n contact layer. A luminous 
layer 17 is not limited to the thing of multiplex quantum well structure. As composition of a light 
emitting device, a terrorism type can be used to a single and a terrorism type and homozygous type 
thing etc. can be used to double. Single quantum well structure is also employable as a luminous 
layer. The large III group nitride system compound semiconductor layer of the band gap which 
doped acceptors, such as magnesium, can be made to intervene between a luminous layer 17 and p 
type clad layer 18. This is for preventing that the electron poured in into the luminous layer 17 is 
spread in p type clad layer 1 8. p type clad layer 18 can be made into the two-layer structure which 
consists of a low hole concentration p-layer by the side of a luminous layer 17, and a high hole 
concentration p+ layer by the side of an electrode. The latter is called p contact layer. Barrier layers 
should just be GaN with a larger energy gap than a quantum well layer, InGaN, InAIN, and InGaAIN 
containing AlGaN that a quantum well layer should just be InGaAIN containing InN, GaN, InGaN, 
and InAIN. 

[0025] The light emitting diode of the above-mentioned composition is manufactured as follows. 
First, circulating hydrogen gas into the reactor of an MOCVD system, the temperature up of the 
silicon on sapphire concerned is carried out to 1 130 degrees C, and a front face is cleaned. Then, 
TM A and NH3 are introduced in the substrate temperature, and the ground layer 1 5 made from A1N 
is grown up by the MOCVD method. At this time, it passes on condition that a part for 
TMA:30micromol/, and NH3:3SLM, and the front face of the A1N ground layer 15 serves as texture 
structure shown in drawing 2 and drawing 3 by growing up predetermined thickness. Similarly, the 



front face of the ground layer 15 serves as a cross-section trapezoidal shape shown in drawin g 4 by 
setting the flow rate of NH3 to 1 / 2 - 1/3 in the above-mentioned conditions. Similarly, the front 
face of the ground layer 15 serves as the shape of a pit shown in drawing 5 by setting the flow rale cf 
NH3 to 1 / 4 - 1/9 in the above-mentioned conditions. 

[0026] Especially in the conditions which form flat A1N on sapphire, when the speed and the c axis 
by which A1N grows up to be c shaft orientations (substrate perpendicular direction) in the 
membrane formation early stages of AIR and the speed which grows perpendicularly (substrate 
parallel direction) are measured, the latter speed is large enough. Therefore, A1N grows up to be a 
substrate perpendicular direction in three dimensions, after growing up to be a substrate parallel 
direction in two dimensions. That is, on a growth front face, there is sufficient time for aluminum 
atom and N atom to carry out migration, and form a uniform growth site. If the amount of N is made 
to increase to this condition, before especially aluminum atom will carry out suitable migration, it 
combines with the atom on the front face of growth, and the growth rate of a substrate perpendicular 
direction becomes large. Consequently, growth of a substrate parallel direction becomes uneven and 
can make texture structure. Process is a cross-section trapezoidal shape while forming texture 
structure, and it can be said that it is a pit-like. In addition, if the amount of N is made to increase 
further, it will become grain growth and will not single-crystal-ize. 

[0027] Next, a sample is moved and changed into the reaction layer of DC magnetron-sputtering 
equipment, and the reflecting layer 25 which performs the DC magnetron-sputtering method and 
consists of TiN is formed. Subsequently, a sample is moved and changed into MOCVD, where 
substrate temperature is maintained at 1 130 degrees C, n type clad layer 16 is formed, and the III 
group nitride system compound semiconductor layers 17 and 18 after it are formed according to a 
conventional method (the MOCVD method). In this grown method, ammonia gas and the alkyl 
compound gas of an III group element, for example, trimethylgallium, (TMG), a trimethylaluminum 
(TMA), and trimethylindium (TMI) are supplied on the substrate heated by suitable temperature, a 
pyrolysis reaction is carried out, it has, and a desired crystal is grown up on a substrate. 
[0028] Next, reactive ion etching removes a part of p type clad layer 18, barrier layer. 17, and n type 
clad layer 16 by. using Ti/nickel as a mask, and n type clad layer 16 which should form n electrode 
pad 21 is made to express. 

[0029] A photoresist is uniformly applied on a semiconductor front face, by the photolithography, 
the photoresist of the electrode formation portion on p type clad layer 18 is removed, and p type clad 
layer 1 8 of the portion is exposed. The Au-Co translucency electrode layer 19 is formed on p type 
clad layer 18 exposed with vacuum evaporationo equipment. Next, the vacuum evaporationo of p 
electrode pad 20 and the n electrode pad 21 is earned out similarly. 

[0030] The light emitting diode 30 of other examples is shown in drawing 6 . The same sign is given 
to the same element as the example of drawing 1 , and the explanation is omitted. In the light 
emitting diode 30 of this example, the deposit 3 1 made from A1N intervenes between silicon on 
sapphire 1 1 and the ground layer 15. The spec, of each class is as follows. 
Layer : Composition: Dopant (thickness) 

Translucency electrode 19p mold clad layer (** contact layer) 18:p-GaN:Mg (0.3 micrometers) 
Luminous layer 17 : Multiplex quantum well structure Quantum well layer : In0.15Ga0.85N (3.5nm) 
Barrier layer : GaN (3.5nm) 

The number of repeats of a quantum-well layer and a barrier layer: l-10n mold clad layer (** contact 
layer) 16:n-GaN:Si (4 micrometers) 
Reflecting layer 25 : TiN (0.3 micrometers) 
Ground layer 35 : A1N (0.2 micrometers) 
Deposit 31: AlN(15nm) 

Substrate 1 1 : Sapphire (a-th page) (350 micrometers) 

[003 1] The light emitting diode 30 of the above-mentioned composition is manufactured as follows. 
First, the sputtering system of argon gas performs the reactant spatter by the aluminum target of 
nitrogen gas introduction at the silicon-on-sapphire temperature of 300-500 degrees C. Thus, the 
silicon on sapphire on which A1N was made to deposit is set in an MOCVD system, and the 
temperature up of the substrate concerned is carried out to 1 130 degrees C, circulating hydrogen gas 
and ammonia gas. Then, it passed on condition that a part for TMA:30micromol/, and NH3:3SLM, 



and the A1N ground layer 35 was formed. The front face became texture structure as shown in 
microphotography drawingj . The formation method of the layer after a reflecting layer 25 is the 
same as that of the thing of drawing 7 . 

[0032] This invention is not limited to explanation of the gestalt of implementation of the above- 
mentioned invention, and an example at all. It does not deviate from the publication of a claim but 
deformation modes various in the range this contractor can hit on an idea of easily are also contained 
in this invention. 

[0033] Hereafter, the following matter is indicated. 

1 1 Substrate and Ground [ in Which are Ground Layer Formed on this Substrate, and this Ground 
Layer is Formed by III Group Nitride System Compound Semiconductor, and the Front Face Has the 
Shape of Texture Structure, Cross-Section Trapezoidal Shape, or a Pit ] Layer, The reflecting layer 
in which it is the reflecting layer formed in the front face of this ground layer, and becomes from the 
nitride of one sort or two sorts or more of metals chosen from titanium, a zirconium, a hafnium, and 
a tantalum, and the shape of the surface type reflects the shape of surface type of the aforementioned 
ground layer, The layered product which comes to have the III group nitride system compound 
semiconductor layer formed on this reflecting layer. 

12 The aforementioned reflecting layer is a layered product given in 1 1 characterized by what is 
consisted of a titanium nitride. 

13 The aforementioned ground layer is a layered product given in 1 1 characterized by what is 
consisted of AlxGal-xN (0<=x<=l), or 12. 

14 The aforementioned ground layer is a layered product given in 13 characterized by what is 
consisted of A1N. 

15 The aforementioned ground layer is a layered product given in 1 1 characterized by what is 
consisted of InGaAIN, or 12. 

16 The aforementioned ground layer is a layered product given in 1 1 characterized by what is 
consisted of InAIN or InGaN, or 12. 

1 7 The aforementioned substrate is a layered product given in either of 1 1 - 1 6 which are 
characterized by what is been a product made from sapphire, or a product made from a silicon single 
crystal. 

18 A layered product given in either of 1 1-17 which are characterized by what a deposit intervenes 
between the aforementioned ground layer and the aforementioned substrate. 

19 It is a layered product given in 1 1 which the aforementioned substrate is a product made from 
sapphire, the aforementioned ground layer consists of A1N, and the front face is texture structure, 
and is characterized by what the aforementioned reflecting layer consists of a titanium nitride. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The ground layer formed between. the substrate and the III group nitride system compound 
semiconductor layer which has a light-emitting-device function or a photo-detector function 
characterized by providing the following, and the aforementioned substrate and the aforementioned 
III group nitride system compound semiconductor layer. This ground layer is a ground [ in which it 
is formed by the III group nitride system compound semiconductor, and the front face has the shape 
of texture structure, a cross-section trapezoidal shape, or a pit ] layer. It is the reflecting layer in 
which it is the reflecting layer formed in the front face of this ground layer, and becomes from the 
nitride of one sort or two sorts or more of metals chosen from titanium, a zirconium, a hafnium, and 
a tantalum, and the shape of the surface type reflects the shape of surface type of the aforementioned 
ground layer. 

[Claim 2] The aforementioned reflecting layer is III group nitride system compound semiconductor 
element according to claim 1 characterized by what is consisted of a titanium nitride. 
[Claim 3] The aforementioned ground layer is III group nitride system compound semiconductor 
element according to claim 1 or 2 characterized by what is consisted of AlxGal-xN (0<=x<=l). 
[Claim 4] The aforementioned ground layer is in group nitride system compound semiconductor 
element according to claim 3 characterized by what is consisted of A1N. 

[Claim 5] The aforementioned ground layer is III group nitride system compound semiconductor 
element according to claim 1 or 2 characterized by what is consisted of InGaAlN. 
[Claim 6] The aforementioned ground layer is III group nitride system compound semiconductor 
element according to claim 1 or 2 characterized by what is consisted of InAIN or InGaN. 
[Claim 7] The aforementioned substrate is III group nitride system compound semiconductor 
element according to claim 1 to 6 characterized by what is been a product made from sapphire, or a 
product made from a silicon single crystal. 

[Claim 8] III group nitride system compound semiconductor element according to claim 1 to 7 
characterized by what a deposit intervenes between the aforementioned ground layer and the 
aforementioned substrate. 

[Claim 9] It is the III group nitride system compound semiconductor element according to claim 1 
which the aforementioned substrate is a product made from sapphire, and is characterized by what 
the aforementioned ground layer consists of A1N, the front face is texture structure, and the 
aforementioned reflecting layer consists of a titanium nitride. 



[Translation done.] 



